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INTRODUCTION
Although insects are quite abundant on the earth, there are relatively few in the sea. Sea
skaters of the genus Halobates are the only insect group that includes any species inhabiting the
open ocean. There are 46 known species and most of them are marine.1) Five species are pelagic
and most others live in coastal waters in tropical and subtropical regions. In spite of their
uniqueness among insects, many aspects of their biology and ecology still remain unknown. 
H. mariannarum is the only one of the Halobates species reported from the coastal area of
Guam Island.1), 2), 3), 4) In 1979, Cheng surveyed H. mariannarum at several sites of the coast of
Guam Island.4) Since then, there has been no field report about H. mariannarum in Guam Island.
This study was conducted firstly to find out whether H. mariannarum still lives in the coast of
Guam Island. Halobates are known to form various types of aggregations consisting of similar-
aged individuals.6), 7), 8) This suggests that the species-specific aggregation plays an important role
in their life history. However, to what extent the specific age structure of each aggregation
deviates from the local population structure at a particular season is little known. For this
reason, the second aim of this study was to investigate the age structure of the local population
and aggregations of H. mariannarum.
MATERIALS AND METHODS
I searched for H. mariannarum on beaches accessible on foot along the shoreline of Guam
Island from the west coast (south of Apra Harbor) to the east coast (near Marine Laboratory, the
University of Guam) through the south coast at the low tide on September 17 and 18, 2007. The
insects were sampled at Merizo and Inarajan, the two southernmost villages of Guam Island. At
Merizo, insects skating in groups or independently on the water along the shoreline were
caught with an insect net during a period of approximately 40 minutes in order to investigate
the population structure, while at Inarajan, attempts were made to catch a whole aggregation in
order to investigate the age structures of these aggregations. The specimens collected were
preserved in 70% ethanol for further research in the laboratory. The head width, the lengths of
the segments of the legs and the body length of H. mariannarum were measured under a
microscope to distinguish nymphal stages. All the adult females caught were dissected under a
microscope to count mature, sub-mature and immature eggs in the ovary.
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RESULTS AND DISCUSSION
Field survey
On September 17, one day after a heavy rainstorm, no sea skaters were found on the beach.
On the next day, individuals of H. mariannarum (Fig. 1 lower right) were found only at Merizo
and Inarajan. Most of insects were in groups and only a small number of individuals were
skating independently. The sandy beach of Merizo was fringed by mangroves while Inarajan
had a rocky seashore covered with low vegetation such as Pemphis acidula (Fig.1 upper left and
right). In this study I searched several other sites along the same coast that have environmental
conditions similar to Merizo and Inarajan, but no H. mariannarum was found. Cheng also found
H. mariannarum in Merizo.4) So far, we do not know why H. mariannarum was only abundant in
Merizo and Inarajan. 
Determination of nymphal stages
The measurements of the leg segments of the nymphs could be separated into five classes
without overlap and thus the stages of the nymphs could be easily determined (Table 1). The
measurements of the middle femur are most useful for separating nymphal stages because
among the leg segments of Halobates it is the longest and the differences in middle femur
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Fig. 1. Upper left: Beach of Merizo. Upper right: Beach of Inarajan. Lower left: Inarajan Natural Pool.
Lower right: Adult female of H. mariannarum.
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measurements between consecutive stages were large enough for correct separation. Moreover,
the head widths also had no overlap between stages (Table 1). However, the differences in the
head widths between stages were sometimes too small for this purpose. The body lengths were
quite variable within the same stage and there were some overlaps between stages. 
There were considerable differences in measurements of leg segments of the same instar
between the results of Cheng4) and the present study.  Many of the ranges of measurements of
the same instar did not overlap. Moreover, the ranges of the measurements of different instars
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sometimes overlapped.  In general, the measurements of the present study tend to be larger
than those of Cheng.4) Therefore, the absolute values of the lengths of leg segments would not
provide accurate indices for distinguishing nymphal stages. Strictly speaking, exact age
determination is only possible by the comparison of measurements of ample numbers of
specimens collected at the same time in the same place and separating them into different
classes.  Thus, with a small number of specimens, it is difficult to distinguish instars exactly.
Age structure of H. mariannarum sampled at Merizo
At Merizo, a total of 189 individuals was collected. Larvae of 4th and 5th instar larvae were
most abundant, occupying 46.6% and 31.7% of total number of specimens collected, respectively
(Fig. 2). The proportions of 1st, 2nd, 3rd instar larvae and adults were only 9.0%, 0.5%, 5.8% and
6.3%, respectively.  None of the females captured at Merizo and also at Inarajan had any mature
eggs. However they kept 8-16 sub-mature eggs and 12-19 immature eggs, which would be
oviposited after maturation (Table 2).  Since Cheng estimates each nymphal stadium of H.
mariannarum lasts 12-14 days on the basis of her rearing experiment4), the 4th and 5th instar
larvae would become adults within a month. Assuming the obtained proportions of 4th and 5th
instar larvae had reflected those of the local population of H. mariannarum at that season, adults
would have occupied the majority of the population in October or November of 2007 and might
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Fig. 2. Number of H. mariannarum captured at Merizo. I, II, III, IV, V
and A stand for 1st, 2nd, 3rd, 4th and 5th instar larvae and adults.
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have had a breeding season. The age structure of specimens of H. mariannarum collected by
Cheng4) is more irregular and is hard to compare with the results of this study. On the other
hand, the age structure of H. japonicus sampled in Ishigaki Island, Japan, at almost the same
season (middle of October and early November) of the two consecutive years of 2005 and 2006
showed quite a similar pattern.9), 10) The majority of specimens sampled were adult males and
females with mature eggs, suggesting that H. japonicus had a breeding season in autumn of
2005 and 2006. The eggs of H. matsumurai were observed to be laid in the coast of Kyushu,
Japan, in autumn (Ikawa unpublished data). These suggest that at least some Halobates breed in
autumn. No further speculations can be made because there is no year-round field study of
Halobates.
Age structure of aggregations of H. mariannarum sampled at Inarajan
Aggregations of H. mariannarum were found along the rocky shore of Inarajan. Most
aggregations were rather compact, consisting of less than 50 individuals. Even in the streams
and in the winds blowing over the water surface, an aggregation seemed to keep its position,
each member skating against the current or the wind. Almost all the members of an
aggregation were successfully caught at three sites on Inarajan beach (hereafter, referred to as
Inarajan 1, 2 and 3) and at Inarajan Natural Pool, a natural saltwater pool (Fig. 1 lower left). 
The age structures of aggregations of H. mariannarum at Inarajan 1-3 and Inarajan Natural
Pool are presented in Fig. 3. At Inarajan 1-3, each aggregation contained 34, 32, and 16
individuals, respectively.  At Inarajan 1, 3rd, 4th and 5th instar larvae and adults formed an
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Fig. 3. Number of H. mariannarum in an aggregation at Inarajan 1, 2, 3 and Inarajan Natural
Pool. I, II, III, IV, V and A stand for 1st, 2nd, 3rd, 4th and 5th instar larvae and adults.
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only two individuals of 3rd instar larvae and one adult.  The aggregation found at Inarajan
Natural Pool consisted of 43 individuals, mostly 3rd-5th instar larvae and only two 2nd instar
larvae and one adult.
Assuming that the age structure of the specimens collected at Merizo reflects that of the local
population of H. mariannarum, the age structures of aggregations at Inarajan 1, 2 and 3 also
reflect it to some extent, with 4th and 5th instar larvae occupying the majority. However, at
Inarajan Natural Pool, 3rd instar larvae occupied more than 50 % of the aggregation. These
results suggest that the age structure of an aggregation of H. mariannarum does not always
reflect the local population structure and that similar-aged, i.e., similar-sized individuals tend to
form an aggregation. By forming an aggregation with similar-sized individuals, H. mariannarum
may avoid cannibalism by larger-sized nymphs and adults.1)
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